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SUMMARY

Carrageenan, a toxic substance for the mononuclear phagocyte system (MPS), increases
drastically the susceptibility of mice against Listeria monocytogenes challenge but induces
concurrently an increasing resistance against systemic candidiasis and granulocytosis.
These results corroborate the minor role played by MPS, and suggest that polymor-
phonuclear cells play a major role in non-specific resistance of mice against systemic
candidiasis.

INTRODUCTION

As shown by in vitro experiments, the two professional phagocytic cells polymorphonuclear
(PMN) and mononuclear are able to phagocytose and kill Candida albicans (Leijh, van den
Barselaar & van Furth, 1977). Many animal models have been developed to determine the
respective roles of the PMN and mononuclear phagocyte systems (MPS) in vivo. Some resistance
has been transferred in dogs against systemic candidiasis by PMN transfusion (Ruthe et al., 1978).
In mice, alterations of PMN population induced by immunomodulatory substances have been
correlated with candidiasis susceptibility (Hurtrel, Lagrange & Michel, 1980b). On the other hand,
in some experimental models, the stimulation of the MPS alone did not confer any protection
against systemic candidiasis (Rogers & Balish, 1977; Hurtrel, Lagrange & Michel, 1980b). Never-
theless, the use ofclassical immunosuppressors or immunostimulants for this purpose is critical and
could give conflicting results (Dupont & Drouhet, 1978; Sher et al., 1975; Williams et al., 1978),
because, according to the experimental conditions, immunosuppressors for MPS may induce
concurrent granulocytopenia and stimulation of the MPS granulocytosis. Recently, it has been
shown that carrageenan, a toxic substance for MPS, induces concurrent granulocytosis (Tatsukawa
et al., 1979). Thus this treatment which had opposing effects on the two phagocyte cell populations,
has been used in mice to determine the respective roles of PMN and MPS in systemic candidiasis.

MATERIALS AND METHODS

Mice. Specific pathogen-free (SPF) Swiss outbred female OF, mice purchased from IFFA CREDO
(Domaine des Oncins, St Germain sur l'Arbresle, France) were used at 6 to 8 weeks of age.

Candida albicans. C. albicans were grown twice for 21 hr at 37°C in 10 ml of Sabouraud glucose
broth. Yeasts of the second culture were counted in a haemocytometer and then adjusted to a
concentration of 2 x 106 counts per ml with sterile non-pyrogenic saline. Each suspension was
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diluted further and spread onto Sabouraud agar to determine the viable counts which were always
+ 10% of the haemocytometer counts. For challenge, each mouse received 106 C. albicans intra-
venously (i.v.). Some mice were only used for mortality rate estimation, in other animals, C. albicans
counts in kidneys were performed 15 hr after challenge. The counts were expressed as loglo and the
geometric mean per group was calculated.

Listeria monocytogenes. L. monocytogenes obtained from the Institut Pasteur collection (sero-
type 1, no. 54149) were grown twice in tryptase phosphate broth; the second culture obtained after 6
hr was adjusted to a suitable concentration with sterile saline and injected i.v. into mice. Numbers in
the inoculum were checked by plating serial dilutions on nutrient agar. Some mice were used only
for estimation of mortality rate, in other animals, bacterial counts were performed in spleen and
liver 48 hr after challenge. The counts were expressed as loglo and the geometric mean per group was
calculated.

Carrageenan. Carrageenan (type II, Sigma) was dissolved in sterile non-pyrogenic distilled
water and injected intraperitoneally at a dose of 200 mg/kg.
PMN index. Peripheral blood counts were performed on blood samples taken from retro-orbital

sinus as previously described (Hurtrel, Lagrange & Michel, 1980b). The results are expressed as
PMN index, calculated by dividing the absolute number ofPMN in animals by the mean found in
control mice.

Mortality rate. For estimation of mortality rate, animal survivors were checked each day for 3
weeks. During the period after challenge with C. albicans, all the animals died; thus mortality is
expressed as medial survival time (MST). After challenge with L. monocytogenes, death occurred
only between days 2 and 7 and mortality is expressed as the percentage of survivors counted 3 weeks
after challenge.

Statistical analysis. Results are expressed as the arithmetic mean and standard error of the
mean. Statistical significance was determined with Student's t -test for non-paired data.

RESULTS

Mice were pretreated with carrageenan 24 or 48 hr before day of challenge. On this day, control or
treated mice were separated into three subgroups; one was challenged with L. monocytogenes,
another with C. albicans, and the last one was used for PMN enumeration. Carrageenan pretreat-
ment drastically increased susceptibility of mice to L. monocytogenes (Fig. la), almost all cara-
geenan-pretreated animals died and a statistically significant difference in bacteria counts was
observed in the spleen (P < 0 01) and liver ( P < 0 001 ) when animals were pretreated 24 hr before,
and only at the liver level (P < 0 001) when mice were pretreated with carrageenan 48 hr before. On
the other hand, carrageenan increased resistance ofanimals against systemic candidiasis (Fig. 1 b), it
decreased the numbers of C. albicans found in kidneys 15 hr after challenge and increased medial
survival time, especially in animals pretreated with carrageenan 48 hr before challenge (P < 0 001).
Concurrently, carrageenan induced granulocytosis (P <0001 (Fig. lc).

DISCUSSION

Carrageenan exhibits diverse biological properties including activation of Hageman factor
(Schwartz & Kellermeyer, 1969), inhibition of complement (Davies, 1965), and macrophage
toxicity. Previous in vitro work on the cytotoxicity of carrageenan for macrophages (Allison,
Harington & Birbech, 1966; Cantanzaro, Schwartz & Graham, 1971) has been recently re-eva-
luated. Viability and phagocytic functions of newly adherent macrophages seem not to be affected
in vitro by carrageenan (Simon & Jones, 1978), and in vivo histopathological study shows that after
i.p. administration, when animals received large doses, carrageenan is not cytotoxic for macro-
phages except for Kupffer cells in the liver (Sawicki & Catanzaro, 1975). Nevertheless, in guinea-
pigs receiving doses of i.p. carrageenan comparative to those used in our experiment, this substance
was found 24 hr after inoculation in the macrophages of the spleen red pulp and especially within
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Fig. 1. (a) Number of viable L. monocytogenes in liver (solid bars) and spleen (shaded bars) 48 hr after challenge,
and percentage of survivors (in parentheses), measured in separate groups of mice receiving i.v. I x 104 L.
monocytogenes, (b) 15-hr C. albicans counts in kidneys (solid bars) and medial survival time (MST) (shaded
bars), measured in separate groups of mice receiving i.v. I x 106 C. albicans, (c) PMN index, in normal (control)
and in carrageenan-pretreated mice 24 or 48 hr before. Numbers of L. monocytogenes, of C. albicans and PMN
index were estimated with five mice, MST and percentage of survivors with 10 mice (mean + standard error of
the mean).

the Kupffer cells ofthe liver (Sawicki & Catanzaro, 1975). It has been shown that polyanionics, such
as dextran sulphate (Hahn & Bierther, 1974), carrageenan (Mankes & Abraham, 1975), or sulpha-
tide (Goren et al., 1976), induce alterations in lysosomal function. This may provide a partial
explanation for the devastating abrogation by dextran sulphate (Hahn, 1974) and carrageenan
(Tatsukawa et al., 1979; Fig. la) of defence mechanisms in mice to an i.v. challenge with L.
monocytogenes.

In spite of its very drastic effect on MPS, carrageenan pretreatment induces some protection in
systemic candidiasis which could be seen very early after i.v. challenge at the kidney level, as
previously described (Hurtrel, Lagrange & Michel, 1980a), and later on with mortality rate
estimation. This protective effect which could be correlated with granulocytosis induced by
carrageenan confirms the importance ofPMN in systemic candidiasis (Hurtrel, Lagrange & Michel,
1980b). Nevertheless, it must be noted that increasing resistance of mice is highest 48 hr after
carrageenan treatment with an equal granulocytosis (Fig. Ic). Depressive action of carrageenan on
the PMN blood population but not on the PMN marrow reserve pool released sometimes after
carrageenan treatment, or alterations in the plasma factors such as complement which enhanced
phagocytosis of the Candida cells (Morelli & Rosenberg, 1971), might explain these differences in
resistance found 24 or 48 hr after carrageenan treatment.

We thank C. Bourre for her excellent technical assistance. This work was partially supported by a grant from
INSERM (ATP no. 78-93).



358 B. Hurtrel & P. H. Lagrange

REFERENCES

ALLISON, A.C., HARINGTON, J.S. & BIRBECH, M.
(1966) An examination of the cytotoxic effects of
silica on macrophages. J. exp. Med. 124, 141.

CATANZARO, P.J., SCHWARTZ, H.J. & GRAHAM, R.C.
(1971) Spectrum and possible mechanism of carra-
geenan cytotoxicity. Am. J. Pathol. 64, 387.

DAVIES, C.E. (1965) Inhibition of complement by car-
rageenan: mode of action, effect of allergic reaction
and on complement of various species. Immuno-
logy, 8, 291.

DUPONT, B. & DROUHET, D. (1978) Immunostimula-
tion dans la candidose experimentale. Med. Mal.
Infect. 10, 483.

GOREN, B., D'ARCY HART, P., YOUNG, M.R. & ARM-
STRONG, J.A. (1976) Prevention of phagosome-
lysosome fusion in cultured macrophages by sulfa-
tides of Mycobacterium tuberculosis. Proc. Natl.
Acad. Sci. USA, 73, 2510.

HAHN, H. (1974) Effects of dextran sulfate 500 on
cell-mediated resistance to infection with Listeria
monovytogenes in mice. Infect. Immun. 10, 1105.

HAHN, H. & BIERTHER, M. (1974) Morphological
changes induced by dextran sulfate 500 in
mononuclear phagocytes or Listeria infected mice.
Infect. Immun. 10, 1110.

HURTREL B., LAGRANGE, P. & MICHEL, J.C. (1980a)
Systemic candidiasis in mice. I. Correlation
between kidney infection and mortality rate. Ann.
Immunol. (Paris), 131c, 93.

HURTREL, B., LAGRANGE, P. & MICHEL, J.C. (1980b)
Systemic candidiasis in mice. II. Main role of poly-
morphonuclear leukocytes in resistance to infec-
tion. Ann. Immunol. (Paris), 131c, 105.

LEIJH, P.C.J., VAN DEN BARSELAAR, M.T. & VAN
FURTH, R. (1977) Kinetics of phagocytosis and in-
tracellular killing of Candida albicans by human
granulocytes and monocytes. Infect. Immun. 17,
313.

MANKES, R. & ABRAHAM, R. (1975) Lysosomal dys-
function in colonic submucosal macrophages of

rhesus monkeys caused by degraded iota carra-
geenan. Proc. Soc. exp. Biol. Med. 150, 166.

MORELLI, R. & ROSENBERG, L.T. (1971) The role of
complement in the phagocytosis of Candida albi-
cans by mouse peripheral blood leukocytes. J. Im-
munol. 107, 476.

ROGERS, T. & BALISH, E. (1977) The role of activated
macrophages in resistance to experimental renal
candidiasis. J. Reticuloendothel. Soc. 22, 309.

RUTHE, R.C., ANDERSEN, B.R., CUNNINGHAM, B.L. &
EPSTEIN, R.B. (1978) Efficacy of granulocyte trans-
fusions in the control of systemic candidiasis in the
leukopenic host. Blood, 52, 493.

SAWICKI, J.E. & CATANZARO, P.J. (1975) Selective
macrophage cytotoxicity of carrageenan in tivo.
Int. Arch. Allergy appl. Immun. 49, 709.

SCHWARTZ, H.J. & KELLERMEYER, R.W. (1969) Carra-
geenan and delayed hypersensitivity. II. Activation
of Hageman factor by carrageenan and its possible
significance. Proc. Soc. exp. Biol. Med. 132, 1021.

SHER, N.A., CHAPARAS, S.D., GREENBERG, L.E. &
BERNARD, S. (1975) Effect of BCG, Cori'nehacter-
ium partum and methanol extraction residue in
reduction of mortality from Staphylococcus aureus
and Candida albicans infections in immunosup-
pressed mice. Infect. Immun. 12, 1325.

SIMON, L. & JONES, T.L. (1978) Re-evaluation of car-
rageenan cytotoxicity for macrophage. J. Reticu-
loendothel. Soc. 25, 133.

TATSUKAWA, K., MITSUYAMA, M., TAKEYA, K. &
NOMOTO, K. (1979) Differing contribution of poly-
morphonuclear cells and macrophages to protec-
tion of mice against Listeria monocytogenes and
Pseudomonas aeruginosa. J. gen Microbiol. 115,
161.

WILLIAMS, D.L., COOK, J.A., HOFFMAN, E.O. & Di
Luzio, N.R. (1978) Protective effect of glucan in
experimentally induced candidiasis. J. Reticuloen-
dothel. Soc. 23, 479.


